Though sea ice loss has received most of the research and media attention, snow cover in spring 4 and summer has decreased at an even greater rate than has sea ice. June snow cover alone has 5 decreased at nearly double the rate of September sea ice 4 . The decrease in spring snow cover has 6 contributed to both the rise in warm season surface temperatures over the Northern Hemisphere 7 (NH) extratropical landmasses and the decrease in summer Arctic sea ice 5 . The combined rapid 8 loss of sea ice and snow cover in the spring and summer has played a role in amplifying Arctic 9 warming. However, snow cover and sea ice trends diverge in the fall and winter with sea ice 10 decreasing in all months while snow cover has exhibited a neutral to positive trend in fall and 11 winter 6 .
13
Climate Change and Arctic Amplification 14 While the global-mean surface temperature has unequivocally risen over the instrumental record 7 , 15 spatial heterogeneity of this warming plays an important role in the resulting climate impacts. In 16 particular, the near-surface of the NH high latitudes is warming at rates double that of lower forced with increased greenhouse gas concentrations 11, 12 . Several processes are thought to 21 contribute to AA, including local radiative effects from increased greenhouse gas forcing 12,13 , 22 changes in the snow-and ice-albedo feedback induced by a diminishing cryosphere 14,15,16 , 23 4 aerosol concentration changes and deposits of black carbon on snow/ice surfaces 17 , changes in 1 Arctic cloud cover and water vapour content 18, 19 and a relatively smaller increase in emission of 2 longwave radiation to space in the Arctic compared to the tropics for the same temperature 3 increase 20 . In addition to these local drivers of AA, Arctic temperature change is sensitive to 4 variations in the poleward transport of heat and moisture into the Arctic from lower latitudes 16, 21 . 5 6 Rapid Arctic warming has been accompanied by extensive loss of sea ice 9 . Arctic sea ice 7 strongly modulates near-surface conditions at high latitudes, which then influences regional and, 8 potentially, remote climate. Because open water has a much lower albedo than ice, more sunlight 9 is absorbed at the ocean surface, where sea ice has recently receded in the Arctic. More 10 absorbed energy has resulted in 4-5°C sea surface temperature (SST) anomalies in these newly 11 ice-free regions 22 . However, during autumn when the air cools to temperatures lower than the 12 ocean surface, the excess heat absorbed during summer is transferred from the ocean to the 13 atmosphere via radiative and turbulent fluxes, which strongly warms the lower Arctic 14 troposphere. The additional heat in the system slows the formation of sea ice through winter, 15 both in extent but especially in thickness 23, 24 . Hence, winter sea ice has thinned 2 , enabling easier 16 melting, fracturing and/or mobility of the ice cover. The increased fraction of open water in 17 winter generates warmer, moister air masses over the Arctic Ocean and nearby continents 15,25 , 18 weakening the meridional near-surface temperature gradient. Therefore, these feedbacks indicate 19 that observed Arctic sea ice loss acts as both a response to and a driver of AA. 
AA Influences and Uncertainties

14
Whether to attribute severe winter weather to AA or natural variability has emerged as a major 15 debate among scientists [43] [44] [45] . In the observations, AA has separated from the noise of natural 16 variability only in the past ~2 decades (see Fig. 2b ) presenting a challenge for detection of robust 17 atmospheric responses to AA including mid-latitude weather over such a short time period. In 18 addition to the relatively short length of the observational record, the Arctic is poorly sampled.
19
Another major caveat of any observational study is that correlation alone cannot demonstrate a 20 causal link. Cause and effect can be established through sensitivity or perturbation studies using 21 climate models, but models are subject to their own deficiencies. To conclude, variability in both sea ice and snow cover has been hypothesized independently to 17 force anomalously high geopotential heights in the BK. In Fig. B2 , we provide a complementary 18 perspective by proposing a synthesis of how extensive snow cover and reduced sea ice in the fall 19 and early winter can force local changes that constructively interfere to force the same response 20 in the planetary waves, which could influence winter weather patterns. increasing complexity, from simple dynamical models to state-of-the-art earth system models, 21 would help to further our understanding and better equip us to untangle the complexity of Arctic
22
-mid-latitude linkages. Siberia also provide increased moisture flux to the atmosphere, which precipitates as snow as the 20 air mass is advected southward over Siberia 58,71 (left globe). 21 22 In October a more extensive snow cover cools the surface leading to lower heights and a trough warmer than 1 and 2 standard deviations beyond the mean (Fig. 3g) . For boreal winter, we 8 determine the percentage of land with temperatures colder than 1 and 2 standard deviations 9 below the mean (Fig. 3h) . 
